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1. $A$ $0\in\sigma(A)$ $0\in\sigma_{a}(A)\cap\sigma_{a}(A^{*})$
$\sigma(AB)=\sigma(BA)$ .
$(*)$ .
$n$-tuples $\mathrm{A}=(A_{1}, \ldots, A_{n}),$ $\mathrm{B}=(B_{1}, \ldots, B_{n})$ AB $=(A_{1}B_{1}, \ldots, A_{n}B_{n}),$ $\mathrm{B}\mathrm{A}=$
$(B_{1}A_{1}, \ldots, B_{n}A_{n})$
(?) $\sigma(\mathrm{A}\mathrm{B})-\{0\}=\sigma(\mathrm{B}\mathrm{A})-\{0\}$.
, $n$-tuples $\mathrm{A}=(A_{1}, \ldots, A_{n}),$ $\mathrm{B}=(B_{1}, \ldots, B_{n})$ ,
pair criss-cross commute
$A_{i}B_{k}A_{j}=A_{j}B_{k}A_{i}$ and $B_{i}A_{k}B_{j}=B_{j}A_{k}B_{i}(\forall i, j, k\in\{1, \ldots, n\})$
. , .
2( ). $n$-tuples $\mathrm{A}=(A_{1}, \ldots, A_{n}),$ $\mathrm{B}=(B_{1}, \ldots, B_{n})$




. $\sigma(\mathrm{T})$ t $n$-tuple $\mathrm{T}=(T_{1}, \ldots, T_{n})$ Taylor spectrum .
V. Wrobel 1986 Math. Ann.
$n$-tuples $\mathrm{A}=(A, \ldots, A),$ $\mathrm{B}=(B_{1}, \ldots, B_{n})$ AB $\mathrm{B}\mathrm{A}$
$n$-tuples .
, 92 , R. Harte joint spectrum
. [1] .
$n=2$ :
2’ ( ). tuples $\mathrm{A}=(A_{1}, A_{2}),$ $\mathrm{B}=(B_{1}, B_{2})$





. $z_{1}=1,$ $z_{2}=0$ 1 .




criss-cross commute $\delta_{1}$ , $\delta_{2}(\delta_{1}(x))=0$ .





(1) :exact $\Rightarrow$ (2) :exact
.




$A_{1}x\in \mathrm{k}\mathrm{e}\mathrm{r}(\delta_{1})=\{0\}$ $A_{1}x=0$ and $B_{1}A_{1}=x$ .
$\mathrm{k}\mathrm{e}\mathrm{r}(\delta^{1})=\{0\}$ .
(ii) $x\oplus y\in \mathrm{k}\mathrm{e}\mathrm{r}(\delta^{2})$ . i.e., $(B_{1}A_{1}-1)x+(B_{2}A_{2}-z_{2})y=0$ .
$(A_{1}B_{1}-1)A_{1}x+(A_{2}B_{2}-z_{2})A_{1}y=0$
, $A_{1}x\oplus A_{1}y\in \mathrm{k}\mathrm{e}\mathrm{r}(\delta_{2})$ . $\mathrm{k}\mathrm{e}\mathrm{r}(\delta_{2})=\mathrm{i}\mathrm{m}(\delta_{1})$






$x\oplus y\in \mathrm{i}\mathrm{m}(\delta^{1})$ .
















$z_{2}=0$ or 1 $1+z_{2}\neq 0$ $\mathrm{i}\mathrm{m}(\delta^{2})=\mathcal{H}$ .




3. $\mathrm{A}=(A, \ldots, A),$ $\mathrm{B}=(B_{1}, \ldots, B_{n})$ : criss-cross commuting. If $A$ is normal,
then $\sigma(\mathrm{A}\mathrm{B})=\sigma(\mathrm{B}\mathrm{A})$ .
4. $\mathrm{A}=(A_{1}, \ldots, A_{n}),$ $\mathrm{B}=(B_{1}, \ldots, B_{n})$ : criss-cross commuting. If there exist
$a_{1},$
$\ldots,$
$a_{n}$ such that $\Sigma a:A$:is invertible, then $\sigma(\mathrm{A}\mathrm{B})=\sigma(\mathrm{B}\mathrm{A})$ .
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